Loading BAPTA-based indicators into neurons is usually accomplished in one of two ways. The most direct approach is to dissolve the acid form of an indicator into the internal solution of micro-or patch pipettes, which can then be used to gain intracellular access Anatol C. Kreitzer,* Kyle R. Gee, † to measure Ca res in cerebellar climbing fiber presynaptic terminals. This method extends quantitative measure- ‡
the possibilities for in vivo imaging of presynaptic activThe currently available dextran conjugates, calcium green dextran and fura dextran, are not well suited to ity and calcium influx. We first characterized fluo-4 dextran in cerebellar parallel fibers, where it is possible to load focally calcium indicators in brain slices (Regehr, 2000) . Parallel fiber boutons are small, and stimulus-evoked changes in Ca res are large and rapid (several hundred nanomolars with a half decay time of ‫53ف‬ ms), typical of many synapses in the mammalian CNS. The ability of calcium indicators to track Ca res transients depends upon their kinetics and K D (Table 1) , as well as the magnitude of the calcium signal to be measured (Regehr and Atluri, 1995; Regehr, 1995, 1998) . Indicators such as fura-2 do not accurately report the time course of Ca res in parallel fiber presynaptic terminals due to their slow off rates and high affinity ( Figure 1A , left) (Regehr and Atluri, 1995; Atluri and Regehr, 1996) . In contrast, low-affinity indicators with fast off rates, such as magnesium green, provide accurate time course measurements ( Figure 1A, left) .
Previous studies have shown that two closely spaced stimuli produce very similar incremental increases in Ca res , which is reflected in similar increases in fluorescence for low-affinity indicators ( Figure 1A, right) . As a result, the fluorescence changes for indicators such as magnesium green are linearly related to changes in calcium influx. For high-affinity indicators, the incremental increase in fluorescence evoked by a second stimulus presynaptic calcium transients. vitro determination of the K D , and allowed for the time course of presynaptic calcium transients to be determined without significant distortion ( Figures 1B and 1C ). This is a major improvement over calcium green dextran and fura dextran, and it suggests that quantitative measurements of Ca res may be possible in projection fibers using in vivo loading techniques.
Loading Climbing Fibers with Fluorescently Labeled Dextrans
The climbing fiber to Purkinje cell synapse is an example of a system in which it has not been possible to measure presynaptic calcium levels despite many compelling reasons to do so. Figure 2E ). This is consistent with classical descriptions of climbing fiber fibers were labeled, one example of which is shown in Figure 2C . This confocal image stack of a single calcium morphology (Palay and Chan-Palay, 1974). Therefore, it is possible to introduce fluorescently labeled dextrans green dextran-labeled climbing fiber shows the relatively thin axon passing through the granular layer and into individual climbing fibers and to visualize them days later in a brain slice. then thickening and branching in the molecular layer ( Figure 2C ). The Purkinje cell innervated by this climbing To establish that we could record presynaptic calcium transients from climbing fibers loaded in this manner, fiber was visually identified using bright-field microscopy and labeled with a fluorescent dye, Alexa Fluor 568 we placed a small glass stimulus electrode near the presynaptic axon of a labeled climbing fiber ( Figure 3A ) hydrazide, via a patch pipette ( Figure 2D ). Figure 4A Figure 5B, top) , because during high-frequency bursts, the indicator saturates. As a rea 20 Hz ten pulse train, the fluorescence signal observed in calcium green dextran-labeled climbing fibers showed sult, in this example, pulses 8, 9, and 11 do not evoke a discernible increase in fluorescence. Similar results significant saturation, and by the tenth pulse, the stimulus-evoked increase in fluorescence was barely detectwere found in other fibers (n ϭ 4 for both calcium green dextran and fluo-4 dextran). In contrast, the evoked reable ( Figure 5A, top) . In contrast, for fluo-4 dextran, stimulus-evoked increases in fluorescence remained sponses measured with fluo-4 dextran are easily identified throughout the train (Figure 5B, bottom) . Fluo-4 similar throughout the train, and following stimulation,
Potential In Vivo Applications
Perhaps most exciting is the possible use of fluo-4 dextran for in vivo studies using two-photon microscopy (Svoboda et al., 1997) . Fluo-4 dextran can resolve incremental increases in presynaptic calcium during repetitive neuronal firing, whereas currently available indicators, such as calcium green dextran, saturate and thus cannot distinguish individual events during repetitive activity (see Figure 5B) . Moreover, fluo-4 dextran remains in cells for many days, and in vivo loading can be used to label many presynaptic fibers. This will allow 
